Bacillus subtHis secretes a variety of proteins directly into the culture medium at high levels.1} It is therefore possible to cause efficient secretion of useful foreign proteins using the expression and secretion systems of B. subtHis. A large number of both procaryotic and eucaryotic genes have successfully been fused t'o several secretion vectors.2~8) In most cases, however, the systems yielded the secreted products at a low level, mainly due to 1307 the two extracellular proteases, i.e., neutral protease and subtilisin, which were produced during the stationary phase.9~n) Recently, Doi et al.12) constructed a double mutant deficient in the two proteases, and used it for the secretion of TEM/Mactamase.11* Although the mutant produced 4-fold more /Mactamase than a wild type strain, the amount of the secreted product decreased in 5 hr after the cell entered the stationary phase of growth. It was thought to be due either to production of an extracellular esterase and the minor extracellular protease13) or to release of intracellular proteases into the medium. Fortunately, the gene of the major intracellular serine protease (ISP-1) was cloned and a deletion mutant of the gene was constructed.14) Therefore, to construct a more useful host for the secretion system, we introduced a deletion in the ISP-1 gene into the double extracellular protease mutant.
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The following strains were used in this study: 168 is a wild-type control for the protease assay, 168zlISP14) is the DNAdonor for constructing the triple protease-defective mutant and UOT1275 (metC3, phe-1, lys-1, trpC2, nprR2, nprE18, aprEA3; constructed as in Table I ) is the recipient. Competent cells of strain UOT1275were transformed with the chromosomal DNAof strain 168/1ISP, and as the ISP-1 locus was linked closely to metC, the transformants were first screened for met+ on Spizizen's minimal medium15) supplemented with 50//g/ml each of tryptophan, lysine, and phenylalanine.
Next, we confirmed that the ISP-1 locus of strain 168.4ISP was transferred to the transformants by Southern hybridization16) (data not shown), and one of them was designated strain KN2.
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To whomcorrespondence should be addressed. a Cells were inoculated into Schaeffer's sporulation medium supplemented with 50^g/ml required amino acids and incubated at 37°C for 42hr with shaking. Heat-resistant cells were counted by plating after the cells had been heated for 20min at 70°C.
strains 168, 168zlISP, UOT1275, and KN2 were assayed. Cells were grown in Schaeffer's sporulation medium17) at 37°C, collected by centrifugation, washed twice with 50mM Tris-HCl, 0.9% NaCl, pH 7.5, and resuspended in 50mMTris-HCl, 1 mMCaCl2, pH 7.5. The cells were then treated with lysozyme (at a final concentration of 200/zg/ml) and disrupted by sonication. One ml of Azocoll18) (Calbiochem Corp.) solution (5 mg/ml in 50 mM
Tris-HCl, 1 mMCaCl2, pH 7.5) was mixed with 0.1 ml of the enzymesolution and the mixture was incubated by shaking at 37°C for 30min. One unit of the enzyme was equivalent to the amount hydrolyzing 1 fig of Azocoll per min under these assay conditions. Theresults are shownin Fig. 1 . As we expected, KN2had decreased extracellular and intracellular protease activities throughout the cell growth compared with the wild type strain, 168. Twentynine hours after the cells entered the stationary phase of growth, KN2 had only 1 and 0.7% of the extracellular and the intracellular protease activities of the strain 168, respectively.
The remained protease activities were thought to be due to the existence of minor proteases19 '20) and aminopeptidases21 22) both in the extracellular and the intracellular fractions. Wenext examined the effects of these mutations on sporulation. It is evident from Table II that the two extracellular proteases, neutral protease and alkaline protease, and the major intracellular protease are not required for normal sporulation in B. subtilis, because this mutant, KN2, sporulated normally. The strain which we constructed in this study should be useful not only for studies of expression and secretion systems but also for purification of proteins that are produced in a small amount. In addition, this strain may be useful for the preparation of cell-free extracts of B. subtilis applicable to various in vitro assay systems.
